24 Morroniside is biologically active polyphenols found in Cornus officinalis Sieb. et 25 Zucc (CO) which exhibits a broad spectrum of pharmacological activities, such as 26 protecting nerves, preventing diabetic liver damage and renal damage. However, little 27 data is available regarding its mechanism of intestinal absorption. Here, a human 28 intestinal epithelial cell model Caco-2 cell in vitro cultured was applied to study on 29 the absorption and transport of morroniside, the effects of time, donor concentration, 30 pH, temperature and inhibitors, the absorption and transport of morroniside were 31 investigated. The bidirectional permeability of morroniside from the apical (AP) to 32 the basolateral (BL) side and in the revese direction was studied. When 33 administrated was set at three tested concentrations (5, 25 and 100μM), the P app value 34 in AP-to-BL direction was ranged from 1.59 to 2.66×10 -6 cm/s. In the reverse 35 direction, BL-to-AP, the value was ranged from 2.67 to 4.10 ×10 -6 cm/s. The data 36 indicated that morroniside transport was both pH-and temperature-dependent. The 37 morroniside's permeability process affected by treatment with various inhibitors, such 38 as the multidrug resistance protein inhibitors MK571 and benzbromarone, the breast 4 39 cancer resistance protein inhibitor apigenin. It can be found that the mechanisms of 40 intestinal absorption of morroniside may involve multiple transport pathways like 41 passive diffusion as well as efflux protein-mediated active transport especially the 42 multidrug resistance protein2 and breast cancer resistance protein. After CO was 43 added, P app AB increased significantly by about 125.26%, it can therefore be assumed 44 that some ingredients in the crude material promote morroniside's absorption in the 45 small intestine.
mechanism 48 5 49 Introduction 50 Traditional Chinese medicines (TCM) are natural therapeutic remedies that have been 51 widely used for thousands of years (1). Morroniside (Fig 1) , one of the most 52 important iridoid glycosides, is the main active ingredient of Cornus officinalis Sieb.
53 et Zucc (CO). It is a rich source of iridoid glycosides and has been used as a 54 traditional Chinese medicinal herb for centuries (2). Various pharmacological studies 55 have indicated that morroniside was effective in the treatment of Alzheimer's disease 56 (3) for protecting nerves (4), preventing diabetic liver damage (5) and renal damage 57 (6), having beneficial effects on lipid metabolism and inflammation (7) and anti-58 anaphylactic activity (8). Since morroniside and its correlative plant extracts have 59 exhibited these pharmacological effects, it would be hopeful that morroniside to be 60 developed to some promising preparations of herbal medicinal products. 61 Several studies have been conducted to determine the concentration of 62 morroniside in biological matrices (9-11). The absolute oral bioavailability of 63 morroniside was calculated to be 7.0, 6.1 and 3.6% for low, medium and high dosage, 64 respectively (9, 12). It seemed like that the plasma levels of morroniside 6 65 administrated intravenously were much higher than those after oral administration. It 66 is well known that oral administration is the main route for applying TCM and they 67 should be absorbed in the gastrointestinal tract to exhibit pharmacologic effects (13).
68 The intestinal absorption barrier is a major factor controlling the absorption and oral 69 bioavailability of drugs(14-16) and it is here that the first steps of pharmacokinetics 70 occur after oral intake. Therefore, exploration of the intestinal absorption mechanism 71 of morroniside is necessary not only for the in vivo pharmacokinetics study but also to 72 provide some key information for their effective delivery system.
73
The aim of present study was to further investigate the intestinal absorptive 13 176 (nitrogen) at 50 psi; CUR at 50; CAD at -2.0. Other parameters were shown in Table   177 1.
178 Table 1 Optimized MRM parameters for the determination of morroniside and IS. Table 2 . The P app AB values of morroniside at pH 7.4 were significantly 17 235 higher than those at pH 6.0 (p<0.05), indicating an easier transport of morroniside at a 236 higher pH (7.4) than at lower a pH (6.0).
Compounds Q1(Da) Q3(Da) DP(V) CE(eV) CXP(V) Detected ion

237
Temperature plays an important role in the transport of drugs, it can not only 238 affect the activity of the carrier protein, but also the state of drugs in solvent(28). As 239 presented in Table 2 , the morroniside transport across Caco-2 cell monolayers at low 240 temperature (4℃) significantly reduced because P app AB was decreased from 1.94×10 -241 6 cm/s to 0.6×10 -6 cm/s. 
242
Effects of Various Compounds on Morroniside Transport
248 With the participation of 50μM of sodium vanadate or cimetidine, the uptake of 249 morroniside did not significantly increase or decrease. These results indicated that the 18 250 influx transporters like OATs or Na + /K + pump contributed little to the transport of 251 morroniside. (Table 3) 252 Table 3Inhibitory effects of influx transporters on morroniside transport in Caco-2 cell monolayers. 256 values increased, but had no effect on the P app BA, the data indicated that morroniside 257 was effluxed by MRP.
Inhibitors
258
BCRP was found to be located at the apical side in the cell membrane (30).
259 Apigenin was used to determine the effect of BCRP on the transport of 25μM 260 morroniside. After addition of apigenin (25μM), the P app AB of morroniside increased 261 significantly (p < 0.05), which resulted in a decrease in the efflux ratio by 72.05% 262 ( Fig 5) . It can therefore be assumed that morroniside is also a substrate of BCRP. Our results showed that the P app BA values of the morroniside was higher 281 than their P app AB values (p < 0.05), indicating that some transporters might be 282 involved in the transport of morroniside in B-A direction.
283
Accounting for the limit of detection of the method, compounds which are 284 completely absorbed in the human intestine typically exhibit P app values of >70×10 -6 285 cm/s in the Caco-2 transwell system, whereas compounds with poor absorption 286 (<20%) have P app values of <10×10 -6 cm/s(32). The P app values of morroniside 287 determined was at the level of 10 -6 which indicated poor intestinal absorption about 288 morroniside. It is also important to note that, strong metabolism may be regarded as 289 another major cause of the low oral bioavailability of morroniside in vivo. However, 290 further studies are required to clarify whether metabolism was the main factor in the 291 in vivo process of morroniside.
292
The data illustrating how pH and temperature effect permeation of 293 morroniside, show that morroniside transport is both pH-dependent and temperature-294 dependent, these results indicate, that some transporters may be involved in the efflux 295 of morroniside. In fact, previous research indicated that both the influx (33) and efflux 21 296 transport like BCRP (34, 35) were activated at lower pH levels. It can therefore be 297 assumed that morroniside is also a substrate of BCRP. This could be indeed verified 298 in the next subsequent experiments.
299
To determine whether P-gp is involved in the transport of these compounds, 300 their transports were studied in the presence of verapamil, a known inhibitor for P-gp.
301 But the P app AB and P app BA of morroniside did not change significantly before and 302 after the addition of verapamil, which indicated that P-gp might not be involved in the 303 transport of morroniside. (Fig 5) 304 MRP has different isoforms, from which MRP2 is located at apical side in 305 the cell membrane and MRP3 was the main basolaterally localized MRP(36). 310 benzbromarone did not alter morroniside's P app AB or the P app BA values, and the 311 efflux ratio reduced only by 6.64%.
